Observed rainfall and temperature data for the period 1960-2007 were used to examine recent changes of extreme climate over Kano, located in the Sahelian region of Nigeria. The RClimDex software package was employed to generate nine important climate indices as defined by the Expert Team on Climate Change Detection, Monitoring and Indices (ETCCDMI). For the entire period, the results show a warming trend, an increased number of cool nights, more warm days, and a strong increase in the number of warm spells. The rainfall indices show a slight increase in annual total rainfall, a decrease in the maximum number of consecutive wet days, and a significant increase in the number of extremely wet days. Such changes in climate may result in an increasing demand for domestic energy for cooling and a higher evaporation rate from water bodies and irrigated crop. These findings may give some guidance to politicians and planners in how to best cope with these extreme weather and climate events.
Introduction
Extreme weather and climate events are currently bone of contention of higher scientific and societal interest. Interest on this topic has been raised by relevant scientific communities, most especially climatological branches that assess climate change (e.g., observational, modeling, adaptation, and impact sectors). The issue has been addressed recently by the Intergovernmental Panel on Climate Change [1] in the Special Report on Extremes (SREX). This has provided the most comprehensive global review and assessment on the relation between climate extremes, their impacts, and the strategies to manage associated perils.
Quite a number of issues, however, constrain our current understanding and scientific confidence in the observed changes in extremes. Among others, availability and accessibility of long-term and high quality climate series at the relevant time scales for assessing extremes (e.g., daily and subdaily) is one of the most serious gaps, particularly over some regions of the world (often called climate-data-sparse regions), such as most of West Africa. The availability of climate series is also limited temporally, since for most of the world the length of digitized daily climate series (e.g., for temperature and precipitation) only goes back in time to the mid-20th century and for many regions is restricted to the 1970s onwards. In addition, there are also concerns regarding the quality and homogeneity of the available series, which could compromise the robustness of assessed changes. Many countries also restrict access to their higher temporal resolution time-series. In short, the quality and quantity of accessible climate series still limit our understanding of the observed changes in climate extremes, particularly over data-sparse regions [2] .
Some international groups have made major efforts to advance knowledge of global changes in climate extremes and to promote the recovery and development of climate data (i.e., ensuring data quality and homogeneity) over data-sparse regions. However, the World Meteorological Organization, through the Climate Variability and Predictability (WMO/ CLIVAR) Expert Team on Climate Change Detection, Monitoring Indices (ETCCDMI), coordinated a series of workshops in different regions of the world to help scientists and national experts discuss and quality control climate data. They have also promoted the analysis and monitoring of extremes around the world through organizing regional workshops in data-sparse regions that have involved scientists from National Meteorological and Hydrological Services (NMHS) as part of ETCCDMI's two-pronged approach [3] . Some regional analyses were thus undertaken for the understanding of climate extreme and trends [4] [5] [6] [7] . Recent studies in Africa, when analyzing daily climate in terms of trends and extreme indices, revealed some significant increase and decrease in annual precipitation, increases in longest wet spells, and increases in high daily precipitation amounts and average rainfall intensity [8] [9] [10] . Minimum temperature was found to have increased faster than maximum temperature, thus contributing to narrow the diurnal temperature range [11, 12] . The Sahelian region of West Africa is one of the most vulnerable zones to climate change [13] . Since the devastating drought of 1970 and early 1980s Sahelian region has been an area of intense rainfall and temperature studies [14, 15] , hence the need of this study to assess recent changes in the intensity of extreme daily rainfall and temperature in Kano located in the Sahelian region of Nigeria. Being a data sparse region [2] , Kano was used in this study because of long-term continuous record of rainfall and temperature data.
Methods

Study Region.
The study was conducted over Kano ( Figure 1 ), located in the Sahelian region of Nigeria with average daily and annual rainfall of 5.6 mm and 750 mm, respectively. The mean annual lower and upper thresholds of minimum and maximum temperatures are comprised between 14.5 and 23.2 ∘ C for minimum temperature and 30.6 and 38
∘ C for the maximum temperature ( Figure 3 ). The region has a single rainfall peak ( Figure 2) , with the onset of the rains between May and July and cessation between September and October [16, 17] . The monthly distribution of temperature has double peaks with one the peaks in April and another in October. To ascertain the reliability of the data used, statistical analysis comparing the station rainfall data with that of the Global Precipitation Climatology Centre (GPCC) data [18] and the station temperature data with the Climate Research Unit (CRU) data [19] was carried out where the Root Mean Square Errors (RMSEs) of 6.05 and 4.87 were obtained for the rainfall and temperature data, respectively.
Rainfall and Temperature Data.
Daily observations of rainfall and temperature data obtained from the archive of the Nigerian Meteorological Agency (NIMET) for the period 1960-2007 were used in this study. Due to the quality of NIMET data, it has been employed to perform researches by numerous studies [8, 20, 21] , and so forth. The data obtained in this study was split into two periods, base period ) and recent period (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) , in order to assess observed changes of extreme climate over the station.
The data was quality controlled using the RClimDex software package [22] which could be freely downloaded from the ETCCDMI website [23] . In the data quality control subroutine unrealistic data, (i) days with negative or greater than 500 mm rainfall amount, (ii) days with minimum temperature equal to or greater than maximum temperature, and (iii) minimum and maximum temperatures greater than 6 standard deviations from the long-term (full dataset) mean value were detected and removed. Also in the quality control process each time series was tested to ensure homogeneity in the whole dataset. The erroneous observations (i.e., the unrealistic data) were replaced with a code (-99.9) which is recognized as missing data by the RClimDex software package to avoid errors in the computation. After ensuring these measures the station data was more than 80% consistent to further execute the study.
Climate
Indices. According to [3, 24] characterizing the frequency, intensity, and duration of climate extremes can be done by calculating climates indices based on daily time series of temperature and rainfall. International research groups such as the Expert Team on Climate Change Detection Monitoring Indices (ETCCDMI) have undertaken a set of regional analyses for understanding climate extremes and trends [3, 4, 8, 25] . Out of the 27 core indices computed on the daily basis by RClimDex, 9 were selected and considered most relevant for our study region as shown in Table 1 .
Trend Analysis.
In the study, statistical analyses were done over the last 48 years since 1960 including the climatological base period of 1960-1990 as defined in the source code of the RClimDex. Plots and tables of trends for the period 1960-2007 for some selected indices were generated using the RClimDex, a developing script in R open source software. To determine the significance of the trends, Student -test was performed and the resulting value, which now serves as a criterion to define the class boundary, was used to analyze the null hypothesis that the trend is equal to 0. The trend for each index was considered significant when found ≤0.05 and less significant above this interval. (Table 2 ). However, from Table 2 , the station shows a positive slope of 0.23 for the frequency of cool nights, meaning that the nights have become colder though not as high as the warm nights with a positive slope of 0.322. Warm days and warm spells have also become more frequent with the latter showing a very significant increase with a positive slope of 0.687. The diurnal temperature range shows a less significant positive trend of 0.006. Both maximum and minimum temperatures have increased during the period with indication that the warming has been faster with maximum temperature. Figure 3 shows that the warming is steady and consistent. Slight increase in cool nights and cool days was observed but warm nights, warm days, and warm spells increased significantly. In Table 3 , the frequency of cool nights was the same as that of warm nights in the recent period with a very high frequency of warm spell days. In Table 4 , the percentage of cool nights between the two periods is quite minimal as compared to warm nights. Also shown in Table 4 is high percentage difference of 0.80 and 4.33% for warm days and warm spells, respectively, between the two periods.
Results
Temperature Indices. Temperature indices show a warming trend in Kano during the period from 1960 to 2007
Rainfall Indices.
Trend in rainfall indices is highly variable compared to temperature. There was a slight increase in annual total rainfall and decrease in maximum number of consecutive wet days as observed in the region (Figures 4(b) and 4(c)), whereas from Figure 4 (d), Table 5 , the accumulated rainfall of extremely wet days shows an increasing trend. It can also be seen from Table 5 that the maximum 5-day rainfall amount, total annual rainfall, and the amount of rainfall during extremely wet days are on the increase.
Discussion
Studies in other regions of the world have shown similar tendencies in temperature indices as found in our study. For example, [26] in their study found a general warming trend throughout the West African Sahel region during the period from 1960 to 2010, a negative trend in the number of cool nights, and more frequent warm days and warm spells. Also they found that the trend in rainfall related indices was not as uniform as the ones in temperatures with decreased tendency of annual total rainfall and maximum number of consecutive wet days within the study period and that the accumulated rainfall of extremely wet days indicated a positive trend in most locations of the region. Results in this study show all temperature indices except for the diurnal temperature trend that has significant warming trend over the station during the considered period with increased number of cool nights, more frequent warm days and warm spells corroborating recent findings in some parts of Africa including Nigeria [8] . However, all the rainfall indices showed slight increase in annual total rainfall (0.486 mm per year), decrease in maximum number of consecutive wet days (−0.047 days per year), and increase in extremely wet days (0.659 days per year). These remarkable changes are not different from that obtained and reported globally in some regions of the world [27] . These observed changes in climate may result in an increasing demand for domestic energy for cooling and a higher evaporation rate from water bodies and irrigated crop.
Conclusion
The study showed that temperature indices over Kano indicate warming trend since 1960, while for the rainfall indices there were slight increase in annual total rainfall, decrease in maximum number of consecutive wet days, and increasing Figure 4 : Trends of (a) extremely wet days, (b) annual total rainfall, (c) consecutive wet days, and (d) maximum 5-day precipitation. trend of extremely wet days. Similar observed trend has raised eye brows and has become bone of contention globally as it has serious implications on the economy. This inevitable climate effect which needs to be adapted to may cost this region expending on some resources. The observed changes may result in an increasing demand for domestic energy for cooling and a higher evaporation rate from water bodies and irrigated crops which is a major practice in this region, and a lower performance of agricultural crops and livestock. It is therefore paramount for policy makers to ensure investment and promotion of more energy efficient infrastructure and domestic appliances as well as encouraging low cost and environmentally friendly energy production systems in order to cope with these extreme weather and climate events.
